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Background: Number, course and division pattern of renal vessels is highly va-
riable. Variant renal vasculature is of high interest in nephrectomy for the renal 
transplantations, both in deceased and living donors. The purpose of the study 
was to analyse the frequency of supernumerary renal vessels in a large cohort of 
patients undergoing the multiphase abdominopelvic computed tomography (CT), as 
well as analyse the possible patterns of coexisting supernumerary arteries in veins.
Materials and methods: A retrospective analysis of abdominopelvic CT studies 
within 1 year period was performed. In each study, number of renal arteries and 
veins was recorded. Course of left renal vein was classified into normal, retro- or 
periaortic. For statistical analysis of normal distribution data, t-Student test was 
used. Chi-square test was used for frequency of variant vessel distribution. Pearson 
correlation coefficient was used for the analysis of coexistence of supernumerary 
vessels. 
Results: 996 patients were included in the analysis, male to female ratio: 481:515 
(48%:52%). Mean age was 57.9 ± 14.7 years. Single renal arteries were observed 
in 73% of cases, while single renal veins in 95%. Circumaortic or retroaortic courses 
of left renal veins were observed in 10% of cases. Number of renal vessels has 
been compared in patients with and without supernumerary vessels. In patients 
with supernumerary left renal artery, significantly more right renal vessels were 
observed. In patients with supernumerary right renal vein, mean number of all 
remaining vessels was significantly higher. 
Conclusions: Supernumerary renal vessels are a frequent finding in abdominal 
CT studies. Finding a supernumerary vessel should increase awareness of possible 
other supernumerary renal vessels. (Folia Morphol 2016; 75, 2: 245–250)
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INTRODUCTION
Number, course and division pattern of renal ves-
sels is highly variable [1, 12]. Even the first modern 
depictions of renal anatomy by Bartolomeo Eustachii 
[10] show supernumerary renal vessels. The classical 
concept of single renal arteries and veins should be 
carefully reviewed, in particular in planning the re-
nal surgery: variant renal vasculature is of particular 
interest in nephrectomy for the renal transplanta-
tions, both in deceased and living donors. With the 
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development of minimally invasive nephrectomy, the 
importance of imaging methods for identification of 
renal vessels became crucial to improve the safety 
and feasibility of laparoscopic procedures. Nowadays, 
multiple renal arteries are no longer relative con-
traindication for laparoscopic donor nephrectomy: 
however, awareness of their presence may help avoid 
possible complications [5, 6].
Embryologically, the formation of inferior vena 
cava and renal veins occurs between 4 and 8 gesta-
tional weeks. Their development includes evolution 
of 3 paired veins: posterior cardinal, subcardinal and 
supracardinal veins [17]. Ascent of kidneys into the 
lumbar region between 6 and 9 gestational week 
results with their subsequent temporary supply by 
9 pairs of arteries originating from dorsal aorta. These 
arteries are divided into 3 groups: cranial, middle and 
caudal. Main renal artery is formed from the second or 
third group of mesonephric arteries, while persistent 
arteries of other groups may provide supernumerary 
renal arteries [3].
The purpose of the study was to analyse the fre-
quency of supernumerary renal vessels in a large 
cohort of patients undergoing the multiphase ab-
dominopelvic computed tomography (CT), as well 
as analyse the patterns of coexisting supernumerary 
arteries and veins. 
MATERIALS AND METHODS
A retrospective analysis of multiphase abdomino- 
pelvic CT studies at our institution within 1-year peri-
od was performed. Patients with insufficient contrast 
enhancement of renal vessels, single, transplanted or 
horseshoe kidneys were excluded from further analy-
sis. In each study, number of renal arteries and veins 
was recorded. Course of left renal vein was classi-
fied into normal, retro- or periaortic. All CT studies 
were analysed with Advantage 4.2 Workstation 
(GE Medical Systems). Statistical analysis has been 
performed to compare frequency of variant vessels 
in males and females. For normal distribution data, 
t-Student test was used. Chi-square test was used 
for frequency of variant vessel distribution. Pearson 
correlation coefficient was used for the analysis of 
coexistence of supernumerary vessels. All statisti-
cal analyses have been performed with SPSS 16.0 
statistical package. 
RESULTS
Nine hundred ninety six patients were includ-
ed in the analysis, male to female ratio: 481:515 
(48%:52%). Mean age was 57.9 ± 14.7 years. No 
significant difference of age in males and females 
was observed. Single renal arteries were observed on 
the left side in 71.9% and in 73.8% on the right side. 
Single renal veins were found in 95.3% of patients 
on the left, and 90.2% on the right side. Distribution 
of number of renal vessels in the study groups is 
presented in Tables 1 and 2. Summarised frequency 
of supernumerary vessels in males and females is 
presented in Table 3 and Figure 1. No significant dif-
ferences between males and females were observed. 
Table 1. Number of renal arteries in 996 analysed patients
Number  
of vessels
Females Males
Left artery Right artery Left artery Right artery
1 365 (70.9%) 389 (75.5%) 352 (73.2%) 346 (71.9%)
2 142 (27.6%) 121 (23.5%) 123 (25.6%) 126 (26.2%)
3 7 (1.4%) 5 (1.0%) 6 (1.2%) 9 (1.9%)
4 1 (0.2%) 0 (0%) 0 (0%) 0 (0%)
Table 2. Number of renal veins in 996 analysed patients
Number  
of vessels
Females Males
Left vein Right vein Left vein Right vein
1 490 (95.1%) 468 (90.9%) 459 (95.4%) 430 (89.4%)
2 25 (4.9%) 46 (8.9%) 22 (4.6%) 51 (10.6%)
3 0 (0%) 1 (0.2%) 0 (0%) 0 (0%)
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Bilateral supernumerary renal arteries were observed 
in 114 (11.4%) patients of the population (Figs. 2, 3). 
For the left renal vein, the course was classified as 
normal, retroaortic or circumaortic. The distribution of 
particular types among sexes is presented in Table 4. 
No significant difference of the type of renal vein 
was observed between males and females (c2 = 1.22, 
p = 0.543).
An analysis of correlation of number of renal 
vessels was performed to assess the possible ten-
dency of concomitant occurrence of supernumer-
ary vessels. Results of the analysis are presented 
in Table 5. All significant correlations are positive, 
which confirms the tendency for concomitance in 
supernumerary vessels (Fig. 4), although all observed 
correlations are weak. 
To confirm the observed correlations, number 
of renal vessels has been compared in patients with 
and without supernumerary vessels. In patients with 
supernumerary left renal artery, significantly more 
right renal vessels were observed. In patients with 
supernumerary right renal vein, mean number of all 
remaining vessels was significantly higher. Detailed 
results are presented in Tables 6 and 7.  
DISCUSSION 
Multidetector CT has a high accuracy of detection 
of anomalous renal vasculature, ranging from 95% 
Table 3. Gender distribution of supernumerary vessels. No sig-
nificant difference of frequencies between males and females 
were observed (c2 = 0.625; p = 0.89)
Females Males
Supernumerary left artery 150 (29.2%) 129 (26.8%)
Supernumerary right artery 126 (24.5%) 135 (28.1%)
Supernumerary left vein 25 (4.9%) 22 (4.6%)
Supernumerary right vein 47 (9.1%) 51 (10.6%)
Figure 1. Frequency of supernumerary renal vessels in males and 
females. No significant difference of frequencies between males 
and females were observed (c2 = 0.625; p = 0.89). 
Figure 2. Maximum intensity axial projection in patient with bilateral two renal arteries and triple right renal vein; RA — right renal artery;  
LA — left renal artery; RV — right renal vein; LV — left renal vein.
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Table 5. Results of Pearson correlation (PC) analysis of renal vessels numbers
  Left artery Right artery Left vein Right vein
Left artery
PC 1 0.094 0.001 0.107
P – 0.003 0.969 0.001
Right artery
PC 0.094 1 –0.049 0.067
P 0.003 – 0.12 0.034
Left vein
PC 0.001 –0.049 1 0.115
P 0.969 0.12 – < 0.001
Right vein
PC 0.107 0.067 0.115 1
P 0.001 0.034 < 0.001 –
to 100% [2, 14]. Noninvasive diagnosis of variant 
renal vasculature has become of high importance 
with the development of minimally invasive renal 
nephrectomy [4, 8, 9]. 
In the studied patients, supernumerary right renal 
veins were more frequent than the left ones. This is con-
Figure 3. Volume rendering arterial phase reconstruction in patient 
with two arteries of the right, and four arteries of the left kidney.
Figure 4. Maximum intensity axial projection in patient with bilat-
eral triple renal arteries; LA — left renal artery; RA — right renal 
artery.
Table 4. Configuration of left renal vein in 996 analysed pa-
tients. No significant difference of frequencies between males 
and females were observed (c2 = 0.528; p = 0.77)
Females Males
Normal 461 (89.5%) 439 (91.3%)
Circumaortic 25 (4.9%) 22 (4.6%)
Retroaortic 29 (5.6%) 20 (4.2%)
firmed by recent analysis of Zhu et al. [20], who observed 
right renal vein variations in 19.2%, and left renal vein var-
iations in 7.1% of their population, with supernumerary 
veins on the left found in 2.7% and 18.7% on the right 
side. Similarly, Janschek et al. [7] report more common 
variations on the right side (23%) than on the left (6.7%). 
Ozkan et al. [11] have observed single left renal artery in 
86% of their 855 angiography patients, and single right 
one in 83% of patients, which is more frequent than 
in our group. According to Saldarriaga et al. [13], high 
frequency of supernumerary renal arteries is reported in 
Caucasian and African (30–40%), as opposed to Indian 
population (13.5%). Similar to our results, Saldarriaga et 
al. [13] did not observe gender differences in frequency 
of supernumerary arteries. Frequency of circumaortic left 
renal vein in our population was 4.72%, which fits its 
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reported range from 2% to 17% [18]. Bilateral supernu-
merary renal arteries were found in 11.4% of our patients, 
which is similar to the frequency of 6–15% reported in 
the literature [15, 16, 19]. Presented data show, that 
presence of supernumerary renal vessel should raise the 
concern of possible concomitant vascular anomalies: in 
patients with supernumerary left renal artery, significantly 
more right renal vessels were observed, while in patients 
with supernumerary right renal vein, mean number of 
all remaining vessels was significantly higher. Applica-
tion of multidetector CT allows for the simultaneous 
analysis of renal arteries and veins, which may provide 
significant preoperative information on the pattern of 
renal vasculature. 
CONCLUSIONS
Supernumerary renal vessels are a frequent finding 
in abdominal CT studies. Finding a supernumerary 
vessel should increase awareness of possible other 
supernumerary renal vessels.
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